1^1 



Office de la proprl£t6 Canadian 
Intellectuelle Intellectual Property 

du Canada OfHee 



Unorganlsme 
(f Industrie Canada 



An Agen^of 
Indusby Canada 



10/537771 



ICI/CA 03/0189a« 
06 JANUARY 2004 06*Q1.0^ 




Certification 




ci-joints, 
sont 



RECEIVED 
Certification 2 8 JAN 



nte atteste que les documenis|r>:^^^^^ is^t^ certify that the fftWtrftfnts — 

, dont la liste 'fl^? - cUdessousVv.v^ and identified below ai 

des copies autheritidlli^|ij^^^qu^§^^^ on file in 



PCT 



ments d^pos^ au 




; -PRIORITY DOCUMENT 

' sUBMriTED OR TRANSMITTED IN 
i COMPLIANCE WITH 

RtJLE 17.1(a) OR (b) 




02444648 2003-10-09 



10 



22 

ABSTRACT OF THE INVENTION 

A self-aichoring tool is disclosed tbat can be positioned downbole and used in casing. 
The tool has an architoctare that supports installation by running downhole and into 
engagement with a groove formed in die casing, called the profile nipple. The tool 
readily siq>ports use of weak materials such as plastic, for components of the tool that 
must be drilled to reopen the wellboTB after cementing. As such, no restriction is needed 
in the casing for accepting or latching the tool and the portion of casmg inchiding the 
groove can be installed at the start of the drilling opeiation. In addition, die profile nipple 
can be used to engage other drilling tools and, therefore, can already be in place when the 
final well depth (TD) is reached. 
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Anchoring Device for a WeUbore Tool 

Fidd of the Invention 

This mvention relates to an anchoring device for a wellbore tool and, in particular, an 
S anchorii^ device for expanding into a liner groove aich as fornse in a cement float tool, 
bridge plug or packer and method for using same, hi addition, die invention relates to a 
sealing cup, which assists in the anchoring of a tool in a wellbore. 

Background of the Invention 

10 The mediod of constructing wells ushig casing as the drill strmg, where the bottom hole 
drilling assembly is deployed tfux>ugh the casing, does not permit incorporating devices 
such as a cement float shoe directly into the casing string in the conventional manner. 
Furthermore, the casing cannot be provided with an intemaUy upset interval, on which to 
land a device introduced after drilling, as this would restrict the casing internal diameter 

IS preventuig dfiployment of the bottom hole drilling assembly. In f^naHj^ n patent 
qiplication CA 2,311,160, Vert and Angman disclose a cemmt float that can be 
positioned downhole m a casing string provided with a suitable profile nipple. 

The function of a typical installed cement float requires it to act as a check valve allowmg 
20 flow down a casing string suspended in a borehole but preventiz^ backflow, sealmg die 
casing bore ftom differential bottom pressure. This pressure differential exists during 
well cementing processes after wet cement is placed in the casing and displaced into the 
borehole-casing ammlus by a lighter fluid. It is created by the difiference m hydrostatic 
head between the cement and lighter displacing fluid, commonly water, and in turn 
25 induces an axial load that must be reacted into flie casing. This axial load increases with 
the dififerential pressure and die sealed area thus the requured structural cecity of such 
devices is greater for larger diameter casing and deeper wells. 

Snmmaiy of the Invention 

30 A readily drillable client float tool has been invented, havmg a novel architecture, 
8iq>poriii« use of non-metal conqionmts and m-situ installation in a wellbare conqyletion 
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qperation after drilling a weDbore with casing. The cement float tool is made for running 

downhole, pre&nibly by pumping, and into engagement with an internal groove formed 

into the easily walL The element of casing canying the groove is h^ 

nipple. As such, no lestiictian is needed in the casing fbr accepting or latching the cement 

float tool, and the profile nipple can be installed at the start of the dijUing operation and 

flierefoie can alieatfy be in place when the final wen dq)ih (TD) is 

die profile nipple can be used to engage odio: drilling tools. 

In accordance with a broad aspect of the present mvention. there is provided a tool fiff 
use in a casing string to be used to line a wellborB. the easily inctading an a^ 
somewhere in its length, the annular groove having a diameter greater than the inner 

diameter of the casing string, the tool siqqiorting movemem thioii^ fte casing 
comprising: 

• a generaUy tabular mandrel having coarse exterior grooves, an upper end a^ 
lower end; 

• a »»ott<m» sealing member disposed below the mandrel having a b^^^ 

• a top sealing member dij3)osed above the mandrel having a bore therethrough; 

• «1» top and bottom seal men*erscoaxiaUy attached to the respective iqiper and 
lower mandrel ends; 

• a nidialfy resilient anchor carriage having a generally cylindrical outer surfece and 
an inner ffldewaU into which coarse grooves are ptaced coiiesponding to those on 
the exterior of the mandrel, the carriage being sized to pass through ihe casing 

string when compressed and yet elastically expandable to have an outer diameter 
greater than the casing internal diameter and its length beh« selected to be less 
flian the casing armular groove length; 

• the anchor carriage being mounted on the mandrel having their coarse grooves 
engaged, where the fit of the grooves finis engaged is arranged to be dose wifii 
the anchor carriage compressed to fit inside the inner diameter of the casmg string 
in which it is to be used and loose fitting, but still engaged, with the anchor 
carriage expanded and htched into the annular groove of die casing string; and 
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• the sealing members creating a seal between the mandrel and the casing string, the 
seal being sufGcient to substantially seal against fluids passing between the 
mandrel and the casing string at fluid pressures encountered in a wellbore 
operation during installation and with the anchor carriage latched into the groove 
S of the casing string. 

The mandrel and tiie anchor carriage are fomied to intmngage, both when the tool is 
being passed flnoug^ the casing and the anchor carriage is conoinessed about Ae mandrel 
and when the tool is anchored into the groove of the casing and ttie anchor carriage is 
10 expanded into the groove. The angles and flie materials of the coarse grooves on the 
mandrel and the anchor carriage are selected to muffifffffi interengagemmt at the loads 
encounteied during installation and operation. 

In <me embodiment, the coarse grooves ace fonned as threads and in another 
1 S embodiment, ftey are axi-synsmetric and extend drcumferentially . 

The anchor carriage is preferably fonned as a composite structure having an outer shell of 
durable matorial such as steel and inner coarse threads fonned of drillable material 
attached to the out^ shelL Said drillable material comprising the threads is more 

20 preferably a non-metallic such as plastia The outer shell thickness is selected not to 
exceed the depth of the annular groove provided in die casing. The radi^ compliance of 
the anchor carriage is preferably provided 1^ configuring the anchor carriage to have a 
portion of tiie wall removed fiom its upper and lower ends to form notches and the wall 
in the mid-section between fliese notches cut on a helical pattern coinciding with the 

25 location of a thread root to thus create a structure where the notched %xpp&c and lower 
intervals act as C-iings joined by a spring coil defined by the helically cut mid-section. It 
will be apparent that application of radial compressive displacement to such a structure 
will have the effect of closing the C-ring sections and tigfhtening the helically cut interval 
thus overall reducing the anchor carriage diameter, which diameter reduction is resisted 

30 primarily by increase of through-wall flexural stress providing the desired radial 
conqiliance. It is fiirfher preferable if the mid-section of the anchor carriage is configured 
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as a ri^t band heluL Under application of right hand drilling torque^ tiie right hand helix 
geom^iy of die anchor catriagie mid-section, wh» latched in the groove thus tends to 
expand the helix engaging the confining surfiu» of the groove. This engagement 
mobilizes a fiictional self-locking effect and thus resists rotation making it easier to drill 

S the portions of the tool protnidi^g into the intonal bore of the casing. This preferred 
combination of materials and geometry thus provides that the tool: can withstand the 
rigours of passage downhole during installatioi^ has sufScient elastic compliance to 
accommodate the diametar reduction required to pemiit insertion into die casing bore and 
correlative elastic diameter expansion to latch into die groove; but can be drilled out to 

10 pomit the removal of substantially all of the tool should dds be necessary, for example, 
to extend the borehole. 

In an endMNliment induding cots along die andiar caniage^ as between helical sections, 
the fieicii^ edges of the cut can be formed to engage togeOi&c^ as fay use of firicdonal 
IS engagement or a ratchet eflEect, 

In an alternate embodunent, the radial resiliency of the anchor carriage is provided by 
configuring it to have a portion of its sidewall removed along its endre length to thus 
create a stmcture where the entireanchor cania^ acts as aC-ring. 

20 

The tool can be any tool for which is desired to be anchored downhole. for exaoople, a 
cement float, a bridge plug or a packer. 

When the tool is ccmfigured as a cement float tool it will typically include a bore through 
25 the mandrel egdmding fixun its upper end to its lower end and a flow control assraibly 
mountable on the tool to prevent flow of fluids ttirough flie bore of the mandrel at least 
fix>m its lower end to the upper end. It may include a sheaiable plug in sealing position 
widdn the bore to su|iport a pon^ down installation. M one embodiment; the mediod 
includes increasing fluid pressure above the cement float tool once the cement float is 
30 latched into the groove to shear the sheaiable plug from the bore. 
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Installation of Ibe tool can be achieved by lunning on wireline or tubing or by pomping 
down. 

In accordance with a finlber bnad pinpose of the present mvention, a sealing cup is 
5 providedforatooltosealagainstdifferentialpressuiBaboutfl^ 
The seal cup comprises: 

• a base having a first end and a second end, a bore tfaerethzongfa, means for 
attachment to a tool at its first end and its diameter selected to match or nearly 
match the dhfi or minimum running diameter of the casing in which it is to be 

10 used; 

• a lower elongate generally tubular interval extending ftom the base and having an 
outer end where at least one raised circumferential extMnal seal land is provided 
adjacent the outer end of the tubular interval, the diameter of the seal land being 
selected to allow sealing engagement wifli the casing inner diameter in which it is 
to be used, the external sur&ce of the tubular interval generally taper fiom die 
seal tend to the base, the waU thickness of the tubular interval generally increasing 
from the outer end toward the base; and 

• the external sur&ce of the tnbular faiterval inchiding an external cup surfece 
between the seal land and the base, which under bottom pressure is capable of 

conducting sewage fluid fiom adjacent the seal hnd to the upper end of tiie base 
to act against pressure invasion about the external surfice. 



15 



20 



The seal cup material is selected to be more compliant than that casing material, which is 
generaUy steel, in which it is to be used and is selected with considetatioa as to the 
25 pressure loads in which it must seaL Of course, the material used must also be 
considered for thermal response, such as expansion and compliancy, to achieve a sealing 
action. 



30 



In operation the seal cup tends to be self anchoring under application of bottom 
differential pressure. Le.. axial load generated by the pressure differential is reacted by 
IKctional aUdfaig resistance between the seal ciq» tubular mterval and the confine 
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walL This self anchoring mechanism arises because fee exterior seal foimed at the outer 
end of the seal cuppennits dififereotial pressure is applied as an mtemal pressure across 
the tubular interval wall This effect is also pemiited by an external cup surfece between 
the seal land and the base, which under bottom pr^sure is capable of conducting seepage 
5 fluid fiom a^acnt the seal land to flie upper «d of the base. Tliis surfece, which 
permits seepage, can. for example, be roughened, scored, foimed with seepage grooves, 
or fbrmed of porous material. 

The conq>liance of ibe selected structural plastic, allows the tubular faiterval to expand 
10 leadfly under appHcation of modest pressure mttil it conlaots fbe modi lower ccM^pliance 
confining casing walL Application of additional pressure serves to directly increase the 
interfecial contact stress and proportionately the axial force required to induce frictional 
sliding between die seal cup tubular interval and the casing wall. Axial load arising fiom 
difSsTMitial pressure acting across the base may thus be reacted in part by tension where it 
is joined to the tubular int^al, ledudi^ or even dinmiatiflig the axial pressure end load 
that needs to be reacted tfaroug^h the anchor carriage. 

It will be appreciated that this self^mchorii^ mechanism greatly reduces the load 
capacity required from an anchoring system on a tool and thus, enhances the anchoring 
properties in a tool For examfde, wiA consideration as to die anchoring tool described 
herein above, hi combmation with shear area efficiencies gamed by reacting load fiom 
die mandrel mto die anchor cairia^ through coarse thread engagement, dus seal cup 
architecture provides a substantial inynovement in ttie ability to use lower length, 
readily drillable materials in the mandrel and anchor carriage. 

Brief Desniption of the Drawings 

A fiirflier, detailed, description of the mvention, briefly d^cribed above, wiU fbUow by 
refiaienoe to die following drawings of qiecific onbodiments of die invention. These 
drawmgs depict only typical embodhnents of die invention and are tiierefore not to be 
considered limiting of its scope. Indiedrawinigs: 
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Figure 1 is a vertical section tlirough a portion of weU casing including a cement float 
tool accordiqg to the present invention in a configuration for passing through the weU 
casing as it would appear beii^ pumped down the casing during installation; 

Figures 2 and 3 are vertical sectional views of the cement float tool of Figure 1 in latched 

positioMinaportion of weU casing. In Figure2ihe float valve is open permitting flow of 
fluids downwardly ihmugh the cement float tool, while in Figure 3 the float valve is 
closed preventing reverse flow Aeredmntgh; 

Figure 4 is a perspective view of a bottom cup seal according to one aspect of the present 
invention and usefiil in a cement float tool according to the present invention: and 

Figure 5 is a perspective view of an anchor carriage useful in a cement float tool 
according to die present invention as it would appear expanded. 

Figure 6 is a perspective view of a main body, wifli a key way and key. useM in a 
cemrat float tool. 

Figure 7 is a perspective view of an anchor carriage usefiil with the main body of Figure 
20 6. 

Descr^tion of the Preferred fimbodiments of the Invention 

Referring to Figures 1 to 3. a cement float tool 10 according to the pte&ned embodiment 
of the present invention is shown. Cement float tool 10 is configured to pass through a 
tubular string of casing, a portion of which is shown at 1. Casing 1 has a specified 
minimmn inner diameter ID,, commonly refetied to as the drift diameter, so as not to 
limit the size of a tool that can pass therethrough. An annular groove 2 (Figures 2 and 3) 
is placed, as by machining, in a profile nipple 3 adapted to connect into the distal end of 
the casmg striqg by, for example, threaded connections ilhistrated by the casing to profile 
nipple comiection 6. The diameter m groove 2 is sligtaly httger than the minimum 
inner diameter of the casing tubing. The cement float tool is configured to be pumped 



25 
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tooiigh a striAg of casing and to latch into and be retained in the annular groove, as wiU 
bemoie&llydescribedhetwnafter. lUe annular groove 2 is formed to permit die cement 
float tool to be accepted without consideratioa as to the rotational orientation of the 
cement float tool in the caning 

Figure 1 shows the cement float tool in a positian be&ig moved through a section of 

casing while Figures 2 and 3 show die cement float tool 10 secured in the casmg in the 
annular groove of a profile n^le. 

Referring now to Figure 2. cement float 1 0 inchides a mandrel 1 1 joined to top seal cup 
12 and bottom seal cup 13 by genemlly sealing upper and lower threaded connections 14 
and 15 respectively. These parts have a longitudinal bore 17 therediiough extending 
fimn upper end opening 18 in top seal cup 12 to lower end opening 19 in bottom seal cup 

13. The cemait float is sized to pass through ID,, of the size of casing in which it is 
fataded to be used wifli seal cups 12. 13 sealing against die ID,. Upper and lower 
dneaded comiections 14 and 15 respectively, are provided to faciMtate manu&cture and 
assembhr and to allow more optmial selection ofmntmaic 

Top seal cup 12 is formed fiom a compliant (relative to casmg malerialX driUable 
matttial. such as polyurefliane. and can have a sur&ce coating of wear resistant material. 
Top seal cup can include at least one elongate upper lip 20, configured witii at least one 
external upper seal land and selected to adequately seal between die casmg and mam 

body against top pressure requked to pump die cement float tool down flie casing until 
latched in die profile nipple 3 and any subsequent top pressuring as may be iequir«^ 
fiir example. feU a shear plug as described hereinafter, hi the illustrated embodunen^ 
upper seal cup 1 2 includes two lands 2 1 having dieir diameter lengdi and spacing selected 
80 as to span small g^s such as at a comiection illustrated by die position of the seal 
tandsmcomiectione. Thus described, it will be apparent to one skUledm die ait Uiat top 

seal cup 12 is generaUy conffeured m a mam«r loMwn to die industry for a cement 
30 plug, a cement wiper plug or a padceraq). 



20 
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Simflarly, bottom seal cup 13 is fiaraaed fiom a compliant (relative to casing material), 
drillable stnictmal material such as fiber reinforced polyuiethane selected to operate 
under tbe pressoie loads to be expected in qpaation. It is shaped as by molding or 
machining to have a base 22 integral with an elongate seal tube 23 having its upper end 
24 attached to the base 22 and its low» end 25 open» thus fbmiing a downward &cing 
cup. The cKtemal surfice 26 of bottom seal cop 13 is profiled to have at least one sBghtly 
raised cbcumferential external seal bnd 27 an the seal tube lower end 25, with diameter 
selected to allow sealing or near seaUng engagement with casing inner diameter, such as 
the profile nipple 3 directly below groove 2 m which it is to be used, a diameter at the 
base 22 closely matching the drift or minimum nmnmg diameter and fbe intervening 
interval 23 ' extending fiom seal land 27 to the seal tube upper end 24 genenlly tapered to 
blend widi the base 22. Referring now to Figure 4, the external surfece 26 is fimher 
provided with a circumferential seepage groove 28 directly adjacent the seal land 27 on 
its base 22 side and one or more seepage grooves 28' extending fiom die seal land 
15 upward toward the base, which grooves are sized to pemiit passage flierethrough of weU 
bore fluids that might seep past lower seal cup 13 when acting to seal against bottom 
pressuTB. External sutfiice 26 can fijrther be provided with surfece acting wear resistant 
material, to provide dutabiUty egamst damage daring, far example, during run in. 



10 
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Refisnting now to F«ute 2, the external surfece of Ae mandrel 1 1 canies external coarse 
threads 29 creating a means of structuralfy reactmg loads fiom the cement float tool. To 
ensure adequate load transfer capacity while yet being readUy drillable, mandrel 11 is 
preferably made from a rigid, strong yet fiangible material such as a reinforced phenolic 
or high tenq)aature granular reinforced resin based grout, 

A radiaUy resiUait anchor carnage 50 is mounted coaxially about mandrel 11 and 
provided with mtemal coarse threads 51 engaging the external coarse threads 29 of 
mandrel 11 together foimmg a threaded connection therebetween. Numerous variations 
in the coarse thread ftam, such as say buttress thread forms, may be employed to achieve 
various design purposes vnthm the scope of die present uivention, however a symmetric 
V-thread havmg an inchided angle of ^tproxunately 90», Le., die angles of stab flank 53» 
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and load flank S3^ willi respect to ibe tool axis bodi muxiximately 45^ from the long axis 
of the tool, as illustrated bere in its prefened esmbodiment, was found to provide 
satis&ctory paoap down and anchor perfonnance combined with simplicity of 
manu&ctore. 

5 

Referring also to Figure 5, in its preferred embodinient, the anchor caniage SO is formed 
as a conq)osite structure having an outer shell 52 of durable material such as steel 
attached to an nmer layer 54 made of a weaker more drillable and ccnnpliant material, 
such as fibre ieinfi>iced polyurethane, into whidi die inner coarse fluieads 51 are fonned. 

1 0 The thickness of outer shell 52 is selected not to exceed the depth of the annular groove 2 
provided in the profile nipple 3 and into which die anchor carriage is to land such that the 
hig^ strength outer shell 52 need not be drilled out when drilling out the remainder of the 
conent float tool to the casing internal diameter IDt afier cementing. To further enable 
load transfer between inner layer 54 and out^ shell 52 the umer sur&ce of outer shell 52 

IS is provided widi a plurality of spaced internal grooves 55 engaging matching teeth 56 on 
the exterior of the mner layer 54. The internal grooves 55 may be axi-symmetric, helical 
or a combination, and are readily placed by machining, as for example multi-start threads 
having a pitch corresponding to that of the coarse threads SI. The engaging teeth 56 are 
readily created by casting the material coix)|>rismg the inner layer 54 into the internal 

20 grooves 55 cut into die shell 52. Even more beneficial load transfer capability is achieved 
where the intmial grooves S 5 and mating teeth 56 are shaped to have reverse angle flanks 
57. so as to create a dove-tail joint interconnection. 

The radial resilience of anchor caniage 50 allows it to be compressed down to fit inside 
25 the diameter lOi of the casing 1 for installation (Figure 1) and yet elastically expand 
(Figure 2) sufiBcient to en^e the groove 2 of the profile nipple 3 when released. 
Conespondingly, the geometry of threaded connection S3 is selected to ensure anchor 
carriage 50 can sufiSciently compress for mstaUation, as shown in Figure 1, and yet still 
provide substantial engagement with the mandrel and, therefore, load transfer when 
30 expanded into groove 2 as shown in Figure 2. 
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The radial ooiiq)liance of andior caniage 50 is piefetably provided by configuring it to 
have a portion of its wall removed fiom its ends to fonn upper and lower notches 58 and 
59 respectively and a helical cut 60 placed through the wall in mid-section 61 between 
notches 58 and 59 and coinciding witii the locati<m of the root of the internal coarse 
5 tiireads 5 1 . This combination of notches connected by a helical cut tiius oeate a structure • 
where the ends about upper and lower notdxes 58 and 59 define what behave as upper 
and lower C-ring mtervals 62 and 63 respectively, which intervals are joined by a spring 
coil defined by the helically cut mid-section 61. It will be apparent that q>plication of 
radial compressive displacement to such a structure will have the effect of closii^ the C- 

10 ring sections 62 and 63 and tightening the helically cut mid-section interval 61 thus 
overall reducing fte diameter of the anchor carriage 50, which diameter reduction is 
resisted primarily by increase of flurough-wall flexural stress providing the desired radial 
resilience. The circumferential width Wn of notches 58 and 59 is selected to 
accommodate a diameter reduction of the C-ring intervals 62 and 63 sufficient to permit 

15 insertion of the anchor carriage into casing of minimum internal diameter IDi. Relating 
now the anchor carriage as shown in Figure 5 moimted on mandrel 11 as shown in 
Figures 1 to 3, in another aspect of the preferred embodiment the lower notch 59 may be 
fimher utilized as a means to mate with a 64 &stened in the conesponding exposed 
hxtearvsl of Ae mandrel 11. where such a ksy locks the relative rotational position of the 

20 anchor caixiage 50 on the threads 51 of the mandrel to prevent "unthreading* occurring 
during installation and to fiirOier resist drilling torque loads applied to main boc^ 16 
during drill-out In particular, when pin 64 is rigidly secured to the mandrel and In. for 
example, notch 59, the carnage cannot rotate past tiie pin. to be Areaded off ibe mandrel 

25 It is useful to configure the helically cut mid-section interval 61 of the anchor carriage 50 
is configured as a right hand helix. This geometry is preferred because under application 
of right hand drilling torque as would typically be used to drill out the cement float tool, 
the right hand helix geometry of the anchor carriage mid-section 61, when latched in 
groove 2. tmds to expand the confined helix, creating a fiictional self-locking effect 

30 resisting rotation and thus improving drill-out performance. 



C3k 02444648 2003-10-09 



12 

In an alternate embodiment, the radial resilience of anchor carriage 50 is achieved by 
omitting the helical cut 60 and one of the upper or lower notches 58 and 59 and extending 
the remaining notch along the full length of tiie anchor carriage to thus create a structure 
vfheste the mtire anchor carriage 50 acts as a C-ring. Where the radial compliance is thus 
obtained with a C-ring structure, ±e interioddng teeOi of the coarse threads 53 may be 
loovided as axi-symmetric rings and grooves as a flirtfaer variation of this alternate 
embodiment In this configuration, the C-ring must be ^sprung open' to ficilitate initial 
placemmtofihe anchor carriage SO onto tihe mandrel 11. 

Referring now to Figure 2, afloat valve or check valve is positioned in bore 17 of main 
body 16 to permit only one-wiQr flow therethrough fiom upper end openuig 18 to lower 
end opening 19. While other one-way check valves such as, for e?cainple, ball valves, are 
useful, the illustrated check valve is a flapper valve 70 and includes a flapper 71 mounted 
via a hinge pin 72 to a fl^per valve housing 73. As will be appreciated by a peison 
skilled in the art, flapper 71 is formed to seal against a seat 74 formed at the lower end 
opening 19 in the base 22 of lower cup 13 whma flow of fluid tends to move through flie 
bcwe in a ditecdon ftom lower end opening 19 to upper md opening 18 (Figure 3). 
Flapp^ 70 is normally biased into tfie sealmg position against seat 74 by a spring (not 
shown) su<A as, for exan5)le, a torsion q^ring acting d>outhi^ Flappervalve 
housing 73 may be secured to lower ciqi base22 by various means including dueaded 
engagement with die inside anmdar sur&ce 76 of recess 77 provided in bottom seal cup 
base 22. Other valve types such as, for example, ball valves can be used, as desired, 
provided that they are durable mough to withstand the passage of cement dieredirou^ 
In other embodunents, seal is provided in the bore of the mandrel and m other 
embodiments an end of the mandrel extends out past one or both of the seal ci^s 12, 13. 

Referring now to Figure 1, for pumping downhole, a releasable plug 80 is disposed m 
bore 17. Releasable plug 80 is selected to remain m plugging position withm bore 1 7 up 
to a selected maximum pressure. At pressures above the selected maximum pressure, 
plug 80 is driven out of bore 17. WhUe many suitable pressure releasable plugs are 
known, the ilhistrated cement float tool includes a plug having a flange 81 sealingly 
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engaged oa an upset shoulder 82 in top seal cup 12. When pressure acting against the 
ping is increased above the selected maximum pressure, the flange sheans away fiom the 
phig body and the phig is expelled fiom bore 17. The length of plug 80 may be selected 
such Ihat it extends past flapper valve 70 thus mitigadng against possible damage to 
flapper 7 1 when fl» plug is oqpeUed. lliB pli^g can be retafaed by 
such as. fijT example, bonding of flange 81 into shoulder 82. In another embodiment, a 
buistplateisiisediaflieriiianaph«thatisexpelled. In a standaidoomplelion operation, 
the selected maximum pressmc fi)r expdlhig the ptag is greater than the normal pie^ 
lequired to pump the phig down the casmg. For example, the pressure to pump down a 

cement float tool would typically be less than 500 psL In a one embodhnent. Ideas* 
plug 30 is selected to remam in place in the bore unless fluid pressures above the pfaig 
exceed about 1500 psL 

Referring now to Figure 2. anchor carriage 50 has a length between its leading edge 50' 
and its tndling edge 50" that is less than the width w of groove 2 su«sh that the anchor 
carriage 50 can completely expand into the groove. Groove 2 is formed with upper and 
lower shoulden 4 and 5 respectively, that step generaUy abmptly from Dj to ID,. The 
exposed comeis of upper and lower shoulden 4 and 5 are preferably radiused or 
chamfisred to fiwilitate inovement liiei«i«ft of equq^ 

However, any ladhis or chamto should not be so great as to nflubit or jeopa^ 
latching of the anchor caniage 50 into groove 2. When the anchor carriage 50 expands 
faito groove 2 it becomes latched m it by abutment of leadmg edge 50- agamst bwer 
8houlder5ofgroove2CFigure2). Upwards movement of cement float tool 10 is limited 
by abutment of edge 50" against tte upper shoulder 4 of the groove 2 (Figure 3). The 
outward &cmg comer of leading edge 50' is preferably curved or chamfered to ftcOitate 
movement through the casing string and over discontmuities such as might occur at 
casing connections. Any such curvature or chamfering, however, must be of a limited 

radios or dq»th so as to avoid interference with secure latchhig of the anchor 
into groove 2 and abutment agamst lower shoulder 5. 
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Figures 6 and 7 show another mbodiment of a c&ossxA float tooL In the illustrated 
embodiment, the cairiage and mandrel are formed such Hiat the carriage is detadiably 
engaged to the mandrel when the carriage is compressed against the ncmin body, but will 
be released fiom engagement with the main body when the carriage is allowed to expand* 
S In the iliustiated enotbodiment, a key is employed to lock the carriage to the main body 
(mandrel) when the carriage is compressed onto the mandrel to accomnoodate insertion in 
the casing. This alternate embodiment reduces die dmg produced by the carriage while 
traversing the casing interval as required for punq)ing downhole» dius enjoying the 
further benefits ofi requiring less diffezential pump down pressure across the upper 
10 sealing mraiber (seal cap) which lower differmtial pressure in turn tends to reduce wear 
on the upp^ sealing membo:, reduced wear on the outer sur&ce of die andior carriage 
and less chance of the tool becoming stuck at locations where the casii^ inside cross 
sectional area is reduced or constricted sudi as connections (particularly where such 
constricdons occur atmptly)* 

15 

This key lock arcbitecture uses a generally rectangular cross section elongate key fitting 
into matching keyways provided through the plastic internal threads of the generally 
helically cut anchor carriage and die external threads of the mandrel analogous to the well 
known means of keying a shaft to say a pulley, preventing relative rotation. The keyways 

20 are aligned when the carriage is in its conipressed position on the mandrel as required for 
running through the casing prior to latdiing into the profile nipple. With reject to the 
key^ the keyway in the carriage is arranged to be loose fitting and the keyway in the 
mandrel close fitting or pieferably tight fitting so that once installed the key to&ds to stay 
CTgag^d in the mandrel li^yway slot With respect to relative radial movent Lockingof 

2S dse key to tite mandrel may be fiirtiier assured by the use of small fiisteners, such as 
screws, or glue. The depth of the key with req^t to the andtor cairiage thread hdght is 
anranged so that within die range of radial expansion possible vfhea die carnage is 
travelling in the casing die keyway engages the key but under the greater outward radial 
ejqiansion allowed ^en the carriage enters the profile nipple and tends to expand the 

30 keyway will become disengaged from the key over at least its lower iengdi so as to 
permit die carriage to expand and thus sunultaneously uncoil along its helical interval. 
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Thus arranged, it will be evident when ninning in the casii^ the key tends to prevent die 
carnage, acdng as a coiled hetical spring, from e}q>anding by reacting flxe forces allowing 
uncoiling primarily through the key and into fte mandrel. It will be qiparent ibat at the 
ends of the helix there is an inward radial component to the force required to maintain 

S engagemi^t of the helix in the key. The lower end of die keyway in the carriage helix 
thus acts as a latch where depending on the angle of contact between the keyway and the 
contacting lower edge of the key, flie latch can be arranged to tend to release, unless 
restrained by an extemal radial force as provided by contact with the casing. In a marmer 
known to the art, this angle is selected with reference to the in-situ friction coeflficient to 

10 ensure release whra enterii^ the profile nipple but otherwise arranged to nainimize the 
radial force qipUed by the casirig to tibus reduce wear and drag and obtain other benefits 
as described above. 

In operation, prior to cementing cement float tool 10 is pla<^ inside casing 1 , suspended 
in a wellbore, and displaced downhole by pumping fluid, typically drilling fluid, into the 

IS proxU end of the casing string. Top seal ci^> 12 tends to prevent flow of such fluid past 
the cement float tool creating a downward axial force as a function of the iq^iUed top 
differential pressure required to overcome drag where the top seal cxsp 12, bottom seal 
cup 13 and ancbor carriage 50 contact the casing. In general, the sum of ^ese drag 
oonqponents must not require excess installation pressure. To prevent such excess drag 

20 fitnn vqfpet cap 12 seal fiiction, in the i»e&rred embodiment, die wall flnckness and 
length of die seal lip axe selected in combinatimi with die diameter below the seal land 2 1 
so that under differential pressure loads required to pump down the cement float tool a 
clearance is maintained between the seal lip and intenml sur&ce of the casing except at 
the iqpper seal land 21 to prevent contact developing outside die seal land while yet 

25 providing sufBcient compliance to ensure an adequate seal will be formed under die 
e3q»ected variations in internal casing diameter. Drag arising from the tendency of die 
elastically compressed anchor carriage to expand against the confining inside diameter of 
die casing is affected by fiicdonal interaction between the engaged stab flanks S3* in the 
coarse threaded conuection 53 as the drag load is reacted between die andior carriage SO 

30 and mandrel 11. Selecting too shallow a stab flank angle results in a tenden^ for the 
cement float tool to *jam' during installation, however as more fidly described below, this 
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ans^ also afifects die anchor structural behaviour. As indicated earlier, the iUustrated stab 
flank angle of qipioximatdy 45" (with respect to the cement float tool axis) was 
•ufficiently steep to prevent jamming. Drag arising from the bottom seal cup 13 during 
testallation naturally tmds to be minimized as this downward feeing cup is not loaded 
5 under tcqp pressuring required for punqi down. 

Once the cement float tool has been displaced downward to the point vriiete die anchor 
carriage is latched into the groove 2, application of top pressure produces a downward 
actfaig axial load that is transmitted through 4e main body 16 and coarse threaded 
connection 53 where the iUnstxated stab flank angle of approximately 45» is sufficiently 
0 shallow to promote ejqunsion of die andior carriage, pressing its outer shell 52 outward 
and into positive contact wifli the confining surfece of groove 2. This action tends to 
aisure die anchor carriage is pressed outward and fiilly engages die groove aloog its 
lengdi and espe<^y at lower shouUer 5 where die remaining axial load is reacted htto 
die casing. It win be apparent dnt die interacting mandrel and anchor carriage functions 

5 as an anchor so that pressure load sealed across die top seal cup is reacted 1^ die anchor 
into die casing aUowing die releasable pli^ 80 to be blown out and die fkppa vaive 70 

to fimcdon as a check valve during flow of fluids as required for cementing. 



FoUowmg placement of die cement behind die oem^t by displacement widi a Ughter 
fluid as required in a typical completion, reduction of pimqi pressure at the proxil end of 
die casing string results in a tendency for die heavier cement column to 'U-tube' back 
into die casing. Referring now to Figure 3, diis flow is prevented by die fl^per valve 70 
widi consequent increase of difGnential bodom pressure across bottom seal cup 13. Initial 
bottom pressure load across die bottom seal cup 13 tends to make it inflate, seal and slide 
iqihole; but diis sUding is soon prevented by die interaction of die anchor fimcdon of die 
cement float tool, in an analogous finhion to top pressuring, where die iUustrated load 
flank 53" angle of approximately 45", tike die stab flank 53% causes positive radial 
engagement between die anchor carriage sheO 52 and the groove 2, preventing jump-m of 
die anchor cairiege 50. But imlike die transient top pressure load required to fiul and 
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expel teleasable plug 80, sealing against bottom differential pressure must be sustained 
antil the cement sets. Tliis may take several bours under typical downhole conditions of 
elevated temperature and high diffeienttal pressure. If tbe bottom seal cup 13 only 
provides a sealing fimction. the fiiU pressure end load must be borne by tbe threaded 
connection 53 for this time period. Under such conditions, the stress carried by the 
plastfc, piBfciably used to fijnn the internal coarse threads 51. tends to cause cte^ 
over sufScient time will lead to fiulute. It wiU be apparent that where such thread cnep 
occurs, the bottom aqg 13 will continue to sUde. 



However, when configured accordmg to the teachings of the present invention, lower cup 
13 has a tendency to resist such sHding through a pressure activated self anchoring 
mechanism. This self anchoring mechanism is induced under application of diflFerential 
inessure from below because the location of tfie external seal 26 at flie lower ead of the 
seal tube 23 in combination witii the seepage grooves 28 and 28' ensures the foil 

15 piessure differential occurs across the waUofseal tube 23, tending to cause it to expand, 
contact and become restrained by the profile nipple 3, under appUcation of sufficient 
laessure. AppUcation of additional pressure serves to increase the urtn&dal contact 
stress, which contact stress gives rise to fiictional resistance to axial sHdmg of the seal 
tube 23. The combination of selecting the lower cup material to be more oompUant than 
the casing and ensuring mmimum clearance is maintained between the seal tube and 
profile nipple 3, as taught herein, promotes contact at lower difierentiBl pressure and dius 
greater resistance to sliding Sor a given differential pressure. The waU thickness and 
length of seal tube 23 are arranged to promote self anchoring under appUcation of 
differential pressure where the waU thickness of seal tube 23 is genetaUy tapered to 
25 thicken from its lower end 25 to its upper end 24, and its length selected to be long 
enough to ensure aU or a significant amount of the differential pressure end load for the 
intended appUcation is thus reacted by this self anchoring mechanism. The waU thickness 
is thickened to ensure axial strength to resist sUding is increased coordinate with the 
length of seal tube in contact with the casing wall, while yet minimizing the hoop 
stifbess to encourage earUer waU contact with hicieashig pressure and thus optimize 
resistance to sUding. As described, the bottom seal cup is seen to fimctioii both seal 
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agadim bottom pressure and leact the assodated end load so that die andior fimctioniof 
the cenient ftoat tool is laisdy lequiied to correctly locate the tool and fiinctioii as an 
initiator at lowor piessore until fhe self ancboring mechanism of the bottom cup is fiiUy 
activated. 

It will be q>parent that many other changes may be made to ihe illiistrative embodiments^ 
while felling within the scope of the invention and it is intended that all such changes be 
covered by the claims appended hereto. 
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Claims: 



1. A tool fiMTuse in a casing string to be used to line a weUbore, the casing including 
an aanolar gniove somevidiere in its loigQi, Ots annular groove having a diameter greater 
than tbe inner diameter of tiie casing string, the tool supporting movement through the 
casing string and canq>rising: 

• a generaHytiAuIarniandrd having coaise exterior groove^ an iqiiOT 
lower end; 

• a bottom ww lins im - mb er disposed below Hbe mandrel having a bore therethrough; 

• a top sealing mend)erdiqK)sed above the mandrel haviitg a bore tbneifaiough; 

• fte t«v and bottom seal membeis coaxiaUy attadied to the respective tqpper and 
lower mandrel ends; 

• a radially resiUent anchor caniage having a genraaUy cylindrical outer suffice and 
an inner sidewall into which coarse grooves are placed conesponding to those on 
the exterior of the mandrel, die carnage bemg sized to pass through the casing 
string when conqwessed and yet elastically expandable to have an outer diameter 
greato- than the casing internal diam^ and its lengdi being selected to be less 
dian the casing annular groove lengdi; 

• flie anchor carriage bemg mounted on the mandrel having dieir coarae grooves 
engaged, where the fit of the grooves thus engaged is anaqged to be close with 
the anchor carnage compressed to fit inside the inner diameter of the casing string 
in wWch it is to be used and loose fittmg. but still eogaged. wiOi the anchor 
caiiiage e}q>anded and latched hito the annular groove of the casing string and 

• the sealmg members creating a seal between die mandid and die casing string, the 
seal bdng sufficient to substantially seal i^gauist fluids passing between the 
mandrel and the casing string at fluid pressures encountered m a wellbore 
operation during mstallation and with the andior caniage latched into tfie groove 
of die casing string, 

2. The tool of claim 1 wherein the coarse grooves are formed as direads 
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3. The tool of claim 1 wheidn ttie coaise grooves aie axi-^ynmMiic and extaid 
ciicumferentially. 

S 4. Thetoolofclaiml wfaei^theanchorcaniageisfomedasaco 

having aa outer shell of a fiist material and ioner coaise threads fonned of driUable 
material, attached to the outer shell 

5. The tool of claun 4 wh^einllie outer sheUtfaidoiess is selected n^^ 
10 dqidioftfaeamiular groove provided in the casing. 

6. The tool of claim 1 wheieln die andior carriage indudes a C-ri^g pCHticm to 
inovide radial lesilieocy. 

IS 7. The t(x>l of claim 6 where the anchor canaageindudes a C-xi^ 
helically cut spring coil section joined theiebetween. 

8. The tool of claim 7 wherein the helically cut spring coil section is configured as a 
rig^it hand helix. 

20 

9, A sealing cup is provided for a tool to seal i^ainst dififeraitial pressure dxmt the 
tool in a wdlbore casing. Hie seal cup comprises: 

• a base havhig a first end and a second end, a bore iherediroi^ means for 
attachment to a tool at its first and and its diameter selected to match or nearly 
25 match the drift or mininmm running diameter of fiie casing in which it is to be 



• a lower elongate generally tubular interval extending fiom the base and having an 
QvUsT end where at least one raised circumferential external seal land is provided 
adjacent die outer end of the tubular interval, the diameter of the seal land being 
30 selected to allow sealing engagement widi the casing inner diameter m which it is 

to be used, the external surfece of the tubular interval generally taper Scorn the 



CIL 02444648 2003-10-09 



21 

seal land to the base, the wall tbidmess of the tubular interval generally iacteasing 
fixmi the outer end toward the base; and 

the ratemal sui&ce of the tubular mterval including at least one seepage groove 
between the seal land and fhe base» which undor bottom pressure are capable of 
conducting seqsage fluid fiom adjaoent flie seal bud to the iqqper end of flie base 
to act against pressure invasion about tfie external surface. 




70 
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